The effects of a short-term treatment with thioacetamide have been studied in isolated hepatocyfes obtained from intoxicated rats. A technique has been developed which utilizes leucine alternatively labeled with either ["C] or ['HI and permits the simultaneous evaluation of protein synthesis, catabolism and secretion in the same cell during the same incubation period. The results indicate that short-term thioacetamide treatment causes an overall slowing-down of protein metabolism. Protein synthesis, however, decreases less than protein degradation and total protein secretion; albumin secretion, which is also less than normal, seems to be less compromised than total protein secretion.
INTRODUCTION
Thioacetamide (TAA) is a drug which, on prolonged administration is toxic to liver cells and leads eventually to the appearance of neoplastic nodules (1) . However, shortterm treatment with thioacetamide has only limited cytotoxic effects, essentially localized at the transcriptional and translational level of the liver cell. Reported effects of thioacetamide do not easily fit in a coherent framework, and include increased nucleolar size and RNA content (2), enhanced levels of both polymerase I and I1 (S), increased translational activity of albumin m-RNA in cell-free translation system (4), inhibited induction of some microsomal enzymes (5,6), and reduced ribosomal RNA content (7, 8) . Considerably less is known of the effects on protein m.etabolisrn, which we have now investigated. Considering that separate measurements of single steps may overlook the sequence of events Presented at the Second International Symposium Sponsored by the Universities of Sassari and Cagliari, Session 111:
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along the entire patlirvay, we have used a different approach in addressing the problem of protein metabolism during the early phases of thioacetamide treatment and have attempted to evaluate protein metabolism as a whole. For these purposes we have adapted, improved and applied a technique which utilizes isolated liver cells and an amino acid alternatively labeled with either ["C] or t3H]. Protein synthesis, catabolism and protein secretion can thus be evaluated simultaneously in the same isolated hepatocytes during the same incubation period. The technique has already proven useful in a study of protein metabolism in the liver cells of phenobarbitone-treated rats (9).
METHODS
Cfieriiicals. L-[U-"C] leucine (342 mCi/ nimol) and L-[4,5-3H] leucine (132 Ci/mmol) were obtained from the Radiochemical Centre, Arnersham (U.K.). Collagenase (Clostridiopeptidae A) was purchased from Boehringer GmbH, Mannheim (F.R.G.). All of the other chemicals and solvents, of reagent grade purity, were obtained from commercial sources.
Animals. All experiments were carried out with male M'istar rats (200-250 g) fed a balanced diet (Ditta Piccioni, Brescia, Italy) ad libitum and kept under a standard light-dark cycle (light from 7 a.m. to 7 p.m.). Thioacetamide (50 mg/ml in 0.154 M NaCl) was administered by intraperitoneal injection in 3 doses (one every 24 hours), at 5 mg/100 g body weight. Preparation of Hepa tocyt e Suspensions. Hepatocytes were prepared by liver perfusion in situ with Ca2+ free Krebs-bicarbonate saline (10) containing 0.035% collagenase according to the method of Berry and Friend (11) and suspended at a density of 10' cell/ ml in Krebs-bicarbonate saline containing a mixture of 20 L-amino acids at 5 times the concentration found in rat serum (medium A). Cell viability was of 90 to 95% as determined by trypan blue exclusion (12) .
Measurement of protein metabolism. This experiment consisted of two separate phases: (i) During the preliminary phase, hepatocyte proteins were labeled with ["C] by incubating 2.5 ml of the cellular suspension for 60 min. at 37°C under 95% 0, + 5% CO, in the presence of L-[U'"C]-leucine (5 pCi). The incubation was stopped by dilution with 7 ml of Medium A maintained at room temperature and the extracellular ['"Cj-leucine was removed from the cell pellet by resuspending and centrifuging twice at 25 X g for 4 min. i n Medium A. The intracellular non incorporated ['JC]-leucine was extracted by re-incubating the cells for 5 min. in 10 ml of isotope-free Medium A. The cells were then ready for the second part of the experiment. pears in the incubation medium (secretion of protein synthesized during the first and the second phase of the experiment respectively). At fixed times (0, 15, 30, 45, 60 min.) the incubation was stopped by addition of 150 p1 of 1 mM cycloheximide. Samples were immediately centrifuged at 60 X g for 4 min. The supernatant was collected for the determination of radioactivity bound to secreted protein: the cell pellet was resuspended in 1.5 ml ofa medium containing 150 mM-NaC1, 20 mM-Tris-HC1 pH 7.4, 100 pM-cyclollcximide. and processed for the determination of intracellular radioactivity as previously described.
Determination of radioactivity incorporated into protein. The preparation of samples for counting varied according to the source of materials: (i) The cell pellet was resuspended in 1.5 ml150 mM-NaC1: 20 mM-Tris-HCl pH 7.4: 100 pM cycloheximide. The suspension was adjusted to a final deoxycholate concentration of 0.65% (w/v) which was adequate for maximal yield of soluble radioactive products. After centrifugation at 145000 x g for 30 min. at 20°C the resulting pellet was discarded and the clear supernatant was collected for the determination of intracellular radioactivity. (ii) Aliquots of 250 p1 of cell supernatant were used for the measure of the total protein secreted into the incubation medium. Further aliquots of 250 pl, supplemented with 250 pg of carrier rat serum albumin prepared by the method of Debro (13) , were used for the determination of radioactivity in the secreted albumin according to the acid-alcohol procedure described by Scornik and Botbol (14) . From this point onwards all the samples were processed in the same way and incubated at first with 2 ml of 1N-NaOH at 37°C for 15 min.: the proteins were then precipitated with 1 ml of 50% trichloroacetic acid (TCA), collected on glass fiber filters, washed with 10 ml of 5% TCA and 10 ml of methanol/ether/chloroform (1, I , 2, v/v), dried and counted in 10 ml of scintillation fluid (4 g Omnifluor/litre of toluene). Radioactivity was measured in a 3365 Tri-Carb Packard liquid scintillation spectrometer. Windows were employed in which the ['HI channel contained 4.5% of ["C] counts, and the ["C] channel contained no [:'Id] counts. Efficiencies were of 19.1% for ['HI and 33.8% for ["C]; the standard error was 5% or less. No differential quenching among samples of the same type was encountered. Cell protein was determined by a standard biuret method (15) using rat serum albumin as reference standard. Cell DNA was measured according to the method of Burton
RESULTS AND DISCUSSION
Total cell protein was taken as the reference basis in the present experiments: this is justified by the results of preliminary observations (means of 5 experiments f SEM) Table I . Cells obtained from TAA-treated animals have an initial content of [It]-labeled proteins which is about 50% lower than the control. The loss of these intracellular proteins during the incubation (Fig. 1A) proceeds a t a rate clearly lower in the TAA-treated rats (tlh = 2.23 hr) than in the control (1% = 1.48 hr). Part of the ['"CI-label lost from these cells appears in tlie medium as secreted proteins (Fig. 1B) ; the secretion of these proteins is reduced in TAA-treated liver cells. The same is true for a specific protein, such as albumin (Fig. IC) . The incorporation of the ["I-IJ-label into protein (i.e. protein synthesis) occurring simultaneously with the loss of the ['TI-label, is appreciably reduced in TAAtreated liver cells (Fig. ID) . This is in agreement with the fact that the amount of ["CIleucine incorporated into protein of TAAtreated rats during the so-called preincubation is lower than in the control, as shown by the reduced ['TI-label present in TAAtreated celIs at the start of the incubation proper. Total protein (Fig. 1E ). and albumin (Fig. IF ), labeled with [3H]-leucine begin to appear in the medium after a lag phase of about 30 min. The secretion of both moieties is appreciably reduced after TAA-treatment.
In Table I we include the balance between the amount of protein synthesized, secreted and degraded as meaymed simultaneously on the same preparation of normal or TAAtreated rat liver cells during 1 hr incubation. Due to the nature of the experiment, conclusions apply to the protein pool with rapid turn-over times. Calculations were made assuming that leucine represents 10.3% by weight of total protein (17) and 11.4% by weight of albumin (18) : therefore, 1 pmole of leucine, of which w e know the specific activity, corresponds to 1270 pgrams of total protein and 1150 pgrams of albumin. Under our experimental conditions, where free ['TIlabeled leucine, deriving from degraded protein is released into a medium containing very large amounts of [31-I]-leucine, protein degradation is best calculated by subtracting protein secretion from the total loss of intracellular protein. The results of the present experiments indicate that acute TAA-treatmerit causes an overall slowing-down of protein metabolism which, however, is selectively affected in its single aspects. Protein synthesis decreases by 35%, while both total protein secretion and degradation decrease by 60%. Albumin secretion, which is also lower than normal, seems to be less compromised than secretion of total protein after TAA-treatment. The marked reduction of protein synthesis shown in our experiments is in agreement with early observations of decreased ribosomal RNA in TAA-treated liver cells (7, 8) . Since a decrease in rRNA occurs in cells where RNA polymerases are activated (3), defective intranuclear RNA processing is the most likely explanation of this decrease as suggested by Busch and Smetana (8) . Albumin mRNA, which increases in amounts relative to the total translatable mRNA (4). would effectively compete for the existing ribosomes, thus leading to a propor- tional increase of albumin synthesis relative to total protein synthesis (19) . In turn, this explains why, in a context of reduced protein secretion, albumin secretion is comparatively less affected, as shown by our present data. 
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